Summary Studies were made on the relation between the skin potential response (SPR) and sweat output of cat foot pads. With weak stimulation of the lateral planter nerve, both the SPR and sweat output increased with increase in the stimulus, but in supra-maximal stimulation, the SPR remained constant and only the sweat output increased. When blood circulation was withheld by ligation of the femoral vessels, sweat output decreased to zero within an hour, whereas the SPR was affected only slightly. During perfusion of the foot with modified Ringer solution of various compositions, it was observed that the SPR was very susceptible to increase in the K+ ion concentration in the perfusate in contrast to slight effects produced by replacement of NaCl with sucrose or by replacement of Cl-with SO4--. From these results, it seems that the SPR of cat foot pads is caused by change in the membrane permeability of the sweat gland to potassium ion.
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Despite the abundance of information available on electrical phenomenon of the skin, the mechanism causing these phenomenon is still far from clear (ROTHMAN, 1954) . There is evidence that electrical phenomenon in the skin is related to sweating (WANG, 1957) , but no quantitative study has been made on the relationship between the two.
Electrical phenomenon in the skin has been given various names, such as galvanic skin responses (NAKAYAMA and TAKAGI, 1958; SHAVER et al., 1962) , endosomatic galvanic skin reactions (LANG, 1968) , and skin potential responses (STOMBAUGH and ADAMS, 1971) . In this work, stimuli were applied to the peripheral sudomotor nerve and the potential was measured. Accordingly, the electrical phenomenon will be referred to as skin potential responses (SPR).
In the present work, the SPR and sweat output were measured simultane-ously on the same foot pad of cats to analyze quantitatively the relationship between the two parameters.
To study the cause of the SPR, the foot was also perfused with various ionic compositions and concentrations of Ringer solution and resulting SPR's were recorded.
METHODS
Cats were anesthetized by i.p. injection of sodium pentobarbital (30 mg/Kg), and sweating was elicited by stimulation of the distal stump of the sectioned internal plantar nerve in the hind leg (FOSTER, 1966) . Electrical stimuli of 20 Hz and 10 volts with a pulse duration of 3 msec were applied to the nerve for 10 sec unless otherwise specified.
Sweat output was measured by the method of ADAMS et al. (1963) with minor modifications as follows. A plastic capsule of 5 mm inner diameter with an inlet and outlet was glued with cyanoacrylate (Alpha-ace, Alpha Techno Lab., Osaka) to the central foot pad of a cat. Dry nitrogen gas was passed through the capsule at a flow rate of 500 ml/min and the nitrogen gas with evaporated sweat was then passed through the thermal conductivity cell of a gas chromatograph (Shimazu, GC-3AL) to detect water vapor in the gas. In estimating the latency of sweat formation, a correction of 1.5 sec was made for the time required to convey evaporated sweat from the foot pad to the thermal conductivity cell. For calibra- STOMBAUGH and ADAMS (1971) reported that the state of hydration of the stratum corneum affects the magnitude and shape of the SPR and of sweat output. Accordingly, the first few records taken in the experiments were excluded from analyses.
The experimental set up is shown diagramatically in Fig. 1 , and a typical recording is shown in Fig. 2 
SPR and sweat output
The latency of appearance of sweat in response to stimulation varies with the duration of the rest period between stimulations (Fig. 3) . In the present observations, the latency showed a constant value of 2.7 sec when the interval was less than 5 min. When the interval between stimulations was prolonged, the latent time for appearance of sweat increased linearly : with intervals of 10, 15, and 20 min, the latencies were 5.9, 11.3, and 14.0 sec, respectively. The duration of the rest period also affected sweat output. Accordingly, the interval between stimulations was kept within 5 min throughout the experiments. the SPR after stopping blood flow. Sweat output decreased to about 50 % of the control values, then increased to about 75 % of the control value after 7.5 min, and finally decreased progressively to zero 55 min after the ligation. On the other hand, the SPR was rather constant. It decreased slightly 3 min after the ligation, increased by 1.2-2.0 mV between 5 to 42.5 min after the ligation, and remained almost constant even when sweat output became zero.
Effects of ions in the perfusate on the SPR
To examine the effects of ions in the regional blood on the SPR, perfusion experiments were performed with Ringer solution of various compositions.
When the hind leg was perfused with Ringer solution in which the Cl-ion was replaced by SO4--ion, change in the SPR was slight and did not differ much from that observed when the leg was perfused with ordinary Ringer solution (Fig. 6) . Furthermore, sweat output, which was very susceptible to any mani- pulation, was maintained for up to 7 min and was restored soon after blood circulation started again.
When the leg was perfused with Na-free Ringer solution, in which NaCl is completely replaced by sucrose, the SPR was maintained well and was not abolished within 10 min. Perfusion with K-free Ringer solution in which 4 mm KCl was replaced by the same amount of NaCl also had little effect and the SPR was maintained well for 10 min (Fig. 7) . The leg was also perfused with high K Ringer solutions in which the NaCl was replaced by KCl (Fig. 8) . Perfusion with Ringer solution with 20 mM KCl abolished the SPR in about 6 min. With 30 mM K Ringer, the SPR was abolished in 9 min, and electrical stimulation of the plantar nerve did not induce any SPR for another 9 min. The changes in the SPR during perfusion with Ringer solution of various compositions are summarized in Fig. 9 CHRISTIE and VENABLES (1971) suggested that the skin itself can show electrical phenomenon. However, the results shown in Fig. 4 suggest a close relation between the SPR and the sweat gland.
The electrical potential across a biological membrane is usually originated either by an electrogenic ion pump or by the equilibrium potential which depend on the concentration gradient of various ions across the membrane and their permeabilities to the membrane. If it is assumed that the SPR is caused by an electrogenic ion pump, an anion pump, probably a chloride ion pump, should be posturated on the cat's sweat gland because of the luminal negativity of the SPR. On the other hand, perfusion with SO4 Ringer solution in which chloride ion is not contained did not show any remarkable change in the SPR. Therefore, it may be concluded that the SPR of the cat foot pad is not caused by the chloride ion pump. Evidence which supports the active transport of sodium has been accumulated on the sweat gland of the monkey (SATO and DOBSON, 1973; SATO, 1973) , but the dependency of the SPR on the active transport of sodium may be excluded from the fact that lumen negativity of the SPR is increased during stimulation and also from the results of perfusion with Na-free Ringer solution.
Figure 4 also shows that on supra-maximal stimulation of the lateral plantar nerve, sweat output varies considerably while the SPR is constant. Furthermore, sweat output is affected by stopping the circulation as shown in Fig. 5 , or surgical manipulation, while the SPR is not. In other words, sweat output is always seen with the SPR, while the SPR is observable without sweating. This may be explained as follows. Increases in sweat output and the SPR caused by gradual increase in stimulation are due to increased activation of neuro-glandular unit. On supra-maximal stimulation, the SPR is readily observed while the production of sweat is rather susceptible to cessation of the blood circulation. This dissociation between the SPR and sweat output also suggests that the SPR is not the potential change caused by sweat secretion.
On the other hand, perfusion with high K Ringer solution easily caused abolition of the SPR. This phenomenon may be explained by supposing that the SPR is caused by an increased membrane permeability to potassium. As the membrane potential of secretory cells is generally lower (-20--40 mV) compared with the potassium equilibrium potential (-80--100 mV), an increment of membrane permeability to potassium may cause hyperpolarization of the contraluminal membrane of the secretory cell which has been shown on the acinar cell of the salivary gland (IMAI, 1965; YOSHIMURA and IMAI, 1967; PETERSEN, 1970 PETERSEN, , 1972 and also on the lacrimal gland cell (KIKKAWA, 1970) . The present results can be explained by assuming a similar mechanism for generation of the SPR to that reported for the submaxillary gland and for lacrimal gland. Namely as the magnitude of stimulation of the lateral plantar nerve is increased, both the SPR and sweat output increase gradually because the number of stimulated glands increases. However, once all the glands are activated, the SPR does not increase further but sweat output continues to increase with increases in the stimulus. If the SPR is caused by sweat secretion, it should vary with the sweat rate. The results observed on ligation of the femoral artery and vein can be explained in the same way. Namely, the progressive decrease in sweat output with a very stable SPR after ligation may be explained by assuming that the Y. 
